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Abstract: Continuous cropping (CC) stress severely limits the growth and industrial development
of Pinellia ternata. Epihomobrassinolide (EBR) is a natural product that widely participates in many
the physiological activities of many plants. Thiamethoxam·flutolanil·azoxystrobin (TFA) has been
registered as a seed coating agent in crop production. In this work, the effects of seeds soaked
with EBR, seeds coated with TFA, and their co-application on the plant growth, electrophysiological
information (as physiological activities related to plant electrical signals), leaf photosynthesis, plant
resistance, bulb quality, and yield of CC P. ternata were evaluated. The aim of this work is to excogitate
a practicable agronomic measure for ameliorating the growth of CC P. ternata. The results show that
soaking the seeds with EBR or coating the seeds with TFA could effectively enhance the plant height,
leaf area, and stem diameter of CC P. ternata, promote its emergence seedling ratio, and decrease its
inverted seedling ratio, and their associated application was found to be more efficient. Additionally,
their associated application effectively enhanced the intrinsic capacitance (IC), intracellular water
metabolism, nutrient transport, and metabolic activity and decreased the intrinsic resistance (IR),
impedance (IZ), capacitive reactance (IXc), and inductive reactance (IXL). Meanwhile, their associated
application could reliably enhance the photosynthetic capacity and stress resistance, and effectively
improve the bulb quality and yield. This study emphasizes that the associated application of seeds
soaked with a 0.004% aqueous EBR solution diluted 1000 times and seeds coated with a 24% TFA
flowable concentrate at 1.6 mL kg−1 seed can be used as a novel and practicable technology for
alleviating the CC stress of P. ternata and ameliorating its growth, electrophysiological information,
resistance, quality, and yield.

Keywords: seed coating agent; electrophysiological information; growth and resistance; quality
and yield

1. Introduction

Pinellia ternata (Thunb.) Breit., an ornamental and medical Chinese herb rich in
polysaccharides, alkaloids, nucleosides, minerals, flavonoids, and phenolics, has high
medicinal and economic value [1–3]. Its dried bulb has multiple pharmacological functions,
such as resolving phlegm, stopping vomiting, eliminating stagnation, reducing swelling,
curing coronary diseases, protecting the liver, decreasing blood fat, and functioning as
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a antineoplastic agent, etc. [4–7]. It is mainly produced in China, serving as an efficient
means of revitalizing rural areas and alleviating poverty, and is generally planted in the
provinces of Gansu and Guizhou, China, which comprise planting areas of over 1333 and
4000 hm2, respectively [8].

However, continuous cropping (CC) stress severely limits the growth and industrial
development of P. ternata and constantly generates economic losses of 40–60% [9,10]. The
process of CC means that the same crop has been planted on the same land for more than
2 years, and this process has many obstacles or problems, including inhibiting growth,
deteriorating quality, aggravating diseases and pests, and decreasing yield, as well as acidu-
lating soils, sealing soil nutrients, and unbalancing the soil microbial structure [11–14].
Therefore, it is of realistic significance to develop a variety of practicable cultivation tech-
niques for controlling the obstacles or problems of the CC of P. ternata.

Generally, intercropping, disinfection, and rotation are applied to alleviate the CC
obstacles of P. ternata [13–15]. For instance, Hang et al. [15] indicated that soybean intercrop-
ping effectively enhanced P. ternata yield and pepper intercropping evidently improved
its guanosine and succinic acid contents. He et al. [13] found that rotation remediated the
worsening microbial community in soils of CC P. ternata. Nevertheless, these measures had
the same disadvantages, such as poor operability, low efficiency, and complicated processes,
which severely restricted their application and promotion. Furthermore, fertilizers and
pesticides are often subjected to increased application by medicinal herb farmers to main-
tain the P. ternata yield, which can easily lead to issues regarding medicinal material safety
and environmental pollution. Due to the severity of the CC obstacles, more practicable
measures must be exploited to promote the plant growth, medicinal quality, and bulb yield
of CC P. ternata.

Epihomobrassinolide (EBR), a novel steroidal hormone or biostimulant, widely par-
ticipates in many plants’ physiological activities, including cell division, cell elongation,
seed germination, root development, flowering, senescence, and stress responses [16–20].
For example, Li et al. [21] found that brassinolide could regulate seed germination and
root development via BES1-mediated transcription. Kolomeichuk et al. [22] reported that
EBR could enhance the photosynthetic pigments, electron transport, and photosystem II
maximum of Solanum tuberosum L. for alleviating salt stress. Moreover, it was found that
EBR could also increase the proline content of Elymus nutans and reduce its MDA and ROS
accumulation to enhance its cold tolerance [23]. Nevertheless, so far, there are no studies
available in the literature about EBR improving the growth of CC P. ternata and alleviating
its CC stress through seed soaking.

Thiamethoxam, a second-generation class III neonicotinoid (insecticide), has been
made available and registered for various crops such as cereals, vegetables, and fruits.
It is widely applied in seed coatings, foliar spraying, and soil drenching [24–26]. Flu-
tolanil, a benzoylanilide fungicide, has excellent antifungal activity against Rhizocto-
nia pathogens, which often lead to crop root diseases [26,27]. Azoxystrobin, a broad-
spectrum strobilurin fungicide, has been widely applied in the control of blast, powdery
mildew, scab, and rust diseases in various cereals, vegetables, and fruits [28–30]. In China,
thiamethoxam·flutolanil·azoxystrobin (TFA), a compound formulation, was registered as a
seed coating agent for wheat and potato production. In the same way, up to now, there is
no documentation of whether TFA enhances CC P. ternata growth through seed coating.

Overall, whether seeds soaked via EBR, seed coated with TFA, and their co-application
can enhance CC P. ternata growth and alleviate its CC obstacles are also worth further explo-
ration. In this work, the effects of seeds soaked with EBR, seeds coated with TFA, and their
co-application on the plant growth, electrophysiological information, leaf photosynthesis,
and plant resistance of CC P. ternata were first investigated. Additionally, their effects on
the bulb quality and yield of CC P. ternata were also evaluated. The aim of this work is to
excogitate a practicable agronomic measure for ameliorating the growth of CC P. ternata.
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2. Materials and Methods
2.1. P. ternata Orchard

The field experimental orchard of P. ternata was located in Baiyi Training Base of
Guizhou Vocational College of Agriculture in Wudang county, China (26◦83′02′′ N, 106◦94′47′′

E); this land has been planted with P. ternata for two consecutive years (i.e., continuous
cropping land). Additionally, other land adjacent to the aforementioned land that has never
been planted with P. ternata was also used for control experiments (i.e., no continuous
cropping land). In this work, a seed soaking in EBR + seed coating with TFA experiment
was carried out in the third year. Moreover, the sunshine, temperature, rainfall, altitude,
and frostless season in the P. ternata orchard were about 1134.12 h, 13.5 ◦C, 1184 mm,
1330 m, and 288 d, respectively. In addition, its soil fertility is displayed in Table 1.

Table 1. The soil fertility of the P. ternata orchard.

Fertility Content (g kg−1) Fertility Content (mg kg−1)

Organic matter 15.02 Available iron 6.51
Total nitrogen 1.45 Exchangeable magnesium 305.18

Total phosphorus 1.71 Available zinc 0.95
Total potassium 1.15 Available manganese 16.33

pH 6.35 Available copper 1.06
Exchangeable calcium 19.41 cmol kg−1 Available boron 0.28

2.2. Hormone, Seed Pesticides, and Seed

The 0.004% 28-epihomobrassinolide (EBR) aqueous solution (AS) was produced by
Yunnan Yunda Technology Agrochemical Co., Ltd. (Kunming, Yunnan, China). The
24% thiamethoxam·flutolanil·azoxystrobin (TFA) flowable concentrate for seed treatment
(FC) was obtained from Jiangyin Suli Chemical Co., Ltd. (Jiangsu, Jiangying, China).
P. ternata seeds (0.8~1.2 cm of diameter) were purchased from Hezhang Mountain Efficient
Agricultural Technology Co., Ltd. (Bijie, Guizhou, China), its variety name is ‘Hemayu 1’,
and the seed production year was 2022.

2.3. Seed Soaking and Coating Experiments

Riding planting of P. ternata took place in an orchard, the experimental plot area was
4.0 m2 (1.0 m width, 4.0 m length, and 0.2 m in between), and the experimental plots were
delineated through a completely randomized method. Seven treatments for the CC group
were designed as follows:

(1) EBR1-TFA1—P. ternata seeds soaked with 0.004% EBR AS in a 1000-times dilution
liquid + P. ternata seed coated with 24% TFA FC at 1.6 mL kg−1 seed;

(2) EBR1-TFA2—P. ternata seeds soaked with 0.004% EBR AS in a 1000-times dilution
liquid + P. ternata seeds coated with 24% TFA FC at 2.0 mL kg−1 seed;

(3) EBR1—P. ternata seeds soaked with 0.004% EBR AS in a 1000-times dilution liquid;
(4) EBR2—P. ternata seeds soaked with 0.004% EBR AS in a 1500-times dilution liquid;
(5) TFA1—P. ternata seeds coated with 24% TFA FC at 1.6 mL kg−1 seed;
(6) TFA2—P. ternata seeds coated with 24% TFA FC at 2.0 mL kg−1 seed;
(7) C1—P. ternata seed soaked with clear water (intragroup control).

Moreover, one treatment for the no CC group was designed as follows:

(8) C2—no continuous cropping of P. ternata seeds soaked in clear water (intergroup
control).

Seed soaking: Distilled water was applied for dissolving and diluting the EBR, and
the P. ternata seeds were soaked in the EBR dilution liquid for 48 h and stirred every 12 h.
Seed coating: Taking 1 kg of seeds as an example, the required TFA amount was diluted in
water to 10 mL–20 mL, and the TFA liquid was mixed thoroughly with the seeds until the
TFA liquid was evenly distributed on the seed surface. Each individual chemical treatment
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(EBR1, EBR2, TFA1, and TFA2) went through the seed soaking and seed coating processes,
and clear water replaced the chemicals in seed soaking or seed coating processes. The seeds
of C1 (intragroup control) and C2 (intergroup control) were soaked with clear water with
the same steps as the chemical treatment. The water temperature and drying time of the
seed soaking and seed coating processes were 25 ◦C and 6 h, respectively. The treated seeds
were broadcast sown on 20 March 2023 and then covered by 5 cm of soil, and the seeding
quantity was 150 kg per 667 m2.

2.4. Growth Determination

The plant height, leaf length, leaf width, and stem diameter of P. ternata were deter-
mined by a ruler or vernier calipers at the full seedling phase (May 5), vigorous growth
phase (May 20), and inverted seedling phase (June 5). The vigorous growth phase refers to
the period of vigorous growth of P. ternata plants, roughly between May 10 and May 30.
The leaf area of P. ternata was calculated by the leaf area coefficient (0.666) method [31]:

Leaf area = 0.666 × leaf width × leaf length (1)

For the emergence seedling ratio, 1 m2 in the middle orientation of each plot was
used as the quadrat, and the plant number in the quadrat was recorded every week after
P. ternata began to emerge according to the methods of Hang et al. [15]. For the inverted
seedling ratio, 1 m2 in the middle orientation of each plot was used as the quadrat, the
numbers of inverted live seedlings in the quadrat at the inverted seedling phase were
investigated according to the methods of Cheng et al. [31].

Emergence seedling ratio = maximum number of seedlings in the quadrat/theoretical number
of seedlings in the quadrat

(2)

Inverted seedling ratio = live seedling number in the quadrat/live seedling number in the quadrat + inverted
seedling number in the quadrat

(3)

2.5. Electrophysiological Information Determination

Five P. ternata plants in the five positions of each plot were randomly chosen for
monitoring their electrophysiological information 61 days after planting (May 20) according
to the methods of Zhang et al. [32–34]. The third fresh fully expanded leaves of each plants
were sampled and soaked in water for 30 min. Then, the water on the leaf surface was
removed for measuring its capacitance (C), resistance (R), and impedance (Z) by a LCR-6300
tester (Gwinstek, Taiwan, China). Moreover, the leaf C, R and Z under different clamping
forces were continuously collected and 11~13 data points were saved for each clamping
force. Finally, leaf capacitive reactance (Xc) or inductive reactance (XL) were, respectively,
calculated according to the following formula:

Xc =
1

2πfC
(4)

1
−XL

=
1
Z
− 1

R
− 1

Xc
(5)

where π = 3.1416 and f = frequency.
In our previous studies, the theoretically intrinsic relationships between the clamping

force and leaf R, Z, Xc, or XL were revealed as R, Z, Xc, or XL = y + ke−bF based on the
Nernst equation [32–34]. When the clamping force is 0 (F = 0), then the intrinsic R, Z, Xc,
and XL of plant leaves could be monitored as IR, IZ, IXc, or IXL = y + k. Thus, the IR, IZ,
IXc, or IXL of P. ternata plants can be calculated by fitting the equation of clamping force
and R, Z, Xc, or XL. The simple derivation of Z, R, Xc, or XL = y + ke−bF is as follows.

Mesophyll cell can be regarded as a concentric sphere capacitor with both inductor
and resistor functions, and its ions, ion groups, and electric dipoles are used as electrolytes
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for the capacitor. The concentration differences in the electrolytes that respond to R inside
and outside the cell membrane obey the Nernst equation and can be expressed as follows:

E − E0 =
R0T
nRF0

ln
Ci

Co
(6)

where E is the electromotive force (V), E0 is the standard electromotive force (V), R0 is the
gas constant (8.314570 J K−1 mol−1), T is the thermodynamic temperature (K), Ci is the
concentration of the electrolytes that respond to R inside the cell membrane (mol L−1),
Co is the concentration of the electrolytes that respond to R outside the cell membrane
(mol L−1), F0 is the Faraday constant (96485 C mol−1), and nR is the number of transferred
electrolytes (mol).

When the leaf cell container is subjected to clamping force, the pressure work per-
formed by the clamping force on leaf cells can be converted into the internal energy of the
electromotive force as follows:

PV = aE = aE0 +
a R0T
nRF0

ln
Ci

Co
(7)

where P is the pressure intensity (Pa), a is the energy conversion coefficient, and V is cell
volume (m³). Formula (8) can be obtained by multi-step derivation.

R =
f0

CT
+

f0

CT
e

nRF0E0

R0T e(−
dnRF0
aR0T F) (8)

where d = V
S , CT = Co + Ci, and f0 is the ratio coefficient of the conversion between Ci and

R. For the same leaf, the d, a, E0, R0, T, nR, F0, CT, and f0 in Formula (12) are constant. Let

y0 = f0
CT

, k1 = f0
CT

e
nRF0E0

R0T , and b1 = dnRF0
aR0T , and the intrinsic relationship of leaf R and F is

R = y0 + k1e−b1F. When F = 0, the IR of P. ternata could be monitored as follows:

IR = y0 + k1 (9)

Similar to R, the intrinsic relationship of leaf Z and F is Z = m0 + k2e−b2F [32–34].
When F = 0, the IZ of P. ternata could be monitored as follows:

IZ = m0 + k2 (10)

Similar to R, the intrinsic relationship of leaf Xc and F is Xc = p0 + k3e−b3F [32–34].
When F = 0, the IXc of P. ternata could be monitored as follows:

IXc = p0 + k3 (11)

Similar to R, the intrinsic relationship of leaf XL and F is XL = q0 + k4e−b4F [32–34].
When F = 0, the IXL of P. ternata could be monitored as follows:

IXL = q0 + k4 (12)

Subsequently, the intrinsic capacitance (IC) of P. ternata was calculated according to
the following formula:

IC =
1

2πfIXc
(13)

where π = 3.1416 and f = frequency.
According to our previous studies, the intracellular water metabolism indices of

P. ternata, including the intracellular water-holding capacity (IWHC), intracellular water-
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holding time (IWHT), and water or nutrient transfer rate (WTR or NTR), were calculated
as follows:

IWHC =

√
(IC)3 (14)

IWHT = IC × IZ (15)

WTRorNTR =
IWHC
IWHT

(16)

The nutrient transport indices of P. ternata, including nutrient flux per unit area (UNF),
nutrient transport capacity (NTC), the active transport flow of nutrient (NAF), and nutrient
active transport capacity (NAC), were calculated as follows:

UNF =
IR
IXc

+
IR

IXL
(17)

NTC = UNF × NTR (18)

UAF =
IXc
IXL

(19)

NAC = UAF × NTR (20)

Moreover, the plant metabolic activity indices of P. ternata, including metabolic flow
(MF), metabolic rate (MR), and metabolic activity (MA), were calculated as follows:

MF =
1

IR × IZ × IXc × IXL
(21)

MR = NTR × NAC (22)

MA = 6
√

MF × MR (23)

2.6. Photosynthesis Determination

The fresh plants in same positions were chosen 61 days after planting (May 20) to
monitor their photosynthesis on May 20. A SPAD-502 Plus chlorophyll meter was used to
measure fully expanded leaves’ SPAD index for estimating their chlorophyll content. At
the same time, the portable LI-6400XT photosynthesis measurement system with photosyn-
thetically active radiation of 1000 µmol m−2 s−1 was used to monitor fully expanded leaves’
photosynthetic rate (Pn), intercellular carbon dioxide concentration (Ci), transpiration rate
(Tr), stomatal conductance (Gs), and water use efficiency (WUE) at 8:00~10:00 a.m.

2.7. Resistance Determination

Moreover, the fresh plants in same positions were chosen 61 days after planting
(May 20) to check their resistance levels, as described in the methods of Wang et al. [35]
and Zhang et al. [36,37]. Accordingly, the thiobarbituric acid method was used to measure
the malondialdehyde (MDA) content, and expressed as mmol g−1 FW. Additionally, the
ninhydrin colorimetry, anthrone colorimetric, and Coomassie brilliant blue methods were
applied for checking proline (Pro), soluble sugar, and soluble protein contents, respectively.
The superoxide dismutase (SOD) activity was measured by the nitrogen blue tetrazole
method, and one unit of the SOD activity was defined as the amount of enzyme that
inhibited 50% of the photochemical reduction of nitrogen blue tetrazole. Meanwhile, the
guaiacol, potassium permanganate titration, and cinnamic acid methods were, respectively,
applied for checking superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), and
phenylalanine ammonia-lyase (PAL) activity, and were expressed as U g−1 min−1 FW.
The hydrogen peroxide (H2O2) content and the rate of O2·− production were determined
according to Wang et al. [38].



Horticulturae 2024, 10, 696 7 of 18

2.8. Yield and Quality Determination

On September 10, P. ternata underground bulbs in every plot were harvested. Among
them, the bulbs with a diameter ≥ 1.2 cm were screened as commodity materials, and
other bulbs with a diameter < 1.2 cm were screened as seeds. Additionally, the weights of
medicinal materials and seeds were measured by a balance. The quality of P. ternata bulbs
was determined according to Chinese Pharmacopoeia [7] and Hang et al. [15]. Accordingly,
the water, extractum, ash, and soluble sugar contents of P. ternata bulbs were checked by
the drying, cold immersion, burning, and anthrone colorimetric methods, respectively.
Meanwhile, Coomassie brilliant blue, potentiometric titration, acid dye colorimetry, and
high-performance liquid chromatography methods were used for measuring their soluble
protein, butanedioic acid, alkaloids, and guanosine contents, respectively.

2.9. Statistical Analysis

The significant differences in data were analyzed by the Duncan’s test with one-way
analysis of variance using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). In this study, each
individual chemical treatment (EBR1, EBR2, TFA1, and TFA2) went through the seed
soaking and seed coating processes; clear water replaced the chemicals in the seed soaking
or seed coating processes. All seed soaking and seed coating processes in the experiment
were processed, and so a one-factor test analysis was conducted.

3. Results
3.1. Effects of EBR and TFA on P. ternata Growth

The effects of EBR and TFA on P. ternata growth are displayed in Table 2. Compared
with C2 (no CC), C1 (CC for 2 years) significantly (p < 0.05) inhibited the plant height,
leaf area, and stem diameter of P. ternata. Compared with C1, the plant height of CC
P. ternata treated with EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 increased
significantly (p < 0.05). Moreover, EBR1-TFA1 and EBR1-TFA2 significantly (p < 0.05)
promoted the leaf area of CC P. ternata in the full-seedling phase compared with C1; EBR1-
TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 significantly (p < 0.05) promoted its leaf
area in the vigorous growth phase, and EBR1-TFA1, EBR1-TFA2, EBR1, TFA1, and TFA2
significantly (p < 0.05) improved its leaf area in the inverted seedling phase. Meanwhile,
EBR1-TFA1 significantly (p < 0.05) promoted the stem diameter of CC P. ternata in the
full-seedling and vigorous growth phases compared with C1; EBR1-TFA1, EBR1-TFA2, and
TFA1 significantly (p < 0.05) increased its stem diameter in the inverted seedling phase.
Overall, these effects on enhancing CC P. ternata growth were ranked as follows: EBR1-TFA1
> EBR1-TFA2 > TFA1 > TFA2 > EBR1 > EBR2. Meanwhile, their effects were not as good as
C2. These findings emphasize that CC significantly (p < 0.05) inhibited P. ternata growth;
seeds soaked with EBR or seeds coated with TFA could effectively enhance the plant height,
leaf area, and stem diameter of CC P. ternata, and their combined treatment effects were
more efficient.

Table 2. The effects of EBR and TFA on the plant height, leaf area, and stem diameter of P. ternata.

Growth Period Treatment Plant Height (cm) Leaf Area (cm2) Stem Diameter (mm)

Full-seedling phase

EBR1-TFA1 6.06 ± 0.03 a 8.35 ± 0.06 ab 2.14 ± 0.04 a

EBR1-TFA2 5.93 ± 0.04 a 8.34 ± 0.06 ab 2.09 ± 0.05 ab

EBR1 5.14 ± 0.07 c 8.27 ± 0.07 abc 2.06 ± 0.04 b

EBR2 5.04 ± 0.11 c 8.25 ± 0.12 bc 2.05 ± 0.04 b

TFA1 5.34 ± 0.19 b 8.31 ± 0.14 abc 2.07 ± 0.04 b

TFA2 5.18 ± 0.04 c 8.28 ± 0.04 abc 2.06 ± 0.04 b

C1 4.86 ± 0.08 d 8.16 ± 0.04 c 2.03 ± 0.02 b

C2 5.94 ± 0.07 a 8.42 ± 0.09 a 2.15 ± 0.02 a
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Table 2. Cont.

Growth Period Treatment Plant Height (cm) Leaf Area (cm2) Stem Diameter (mm)

Vigorous growth phase

EBR1-TFA1 7.58 ± 0.07 a 15.08 ± 0.10 a 2.18 ± 0.04 a

EBR1-TFA2 7.05 ± 0.05 b 14.89 ± 0.30 a 2.11 ± 0.01 ab

EBR1 6.58 ± 0.09 d 13.25 ± 0.06 c 2.07 ± 0.04 b

EBR2 6.39 ± 0.05 e 12.78 ± 0.35 d 2.06 ± 0.07 b

TFA1 6.88 ± 0.05 c 13.93 ± 0.32 b 2.09 ± 0.02 ab

TFA2 6.63 ± 0.04 d 13.42 ± 0.29 c 2.07 ± 0.06 b

C1 6.14 ± 0.04 f 11.03 ± 0.04 e 2.04 ± 0.10 b

C2 7.69 ± 0.11 a 15.05 ± 0.15 a 2.18 ± 0.04 a

Inverted seedling phase

EBR1-TFA1 8.06 ± 0.05 a 15.08 ± 0.26 a 2.27 ± 0.06 a

EBR1-TFA2 7.86 ± 0.10 b 14.92 ± 0.43 a 2.22 ± 0.04 ab

EBR1 7.04 ± 0.03 d 13.98 ± 0.06 b 2.10 ± 0.05 cd

EBR2 6.87 ± 0.08 e 13.26 ± 0.15 c 2.08 ± 0.04 cd

TFA1 7.31 ± 0.04 c 14.43 ± 0.43 b 2.15 ± 0.03 bc

TFA2 7.05 ± 0.08 d 14.03 ± 0.33 b 2.11 ± 0.04 cd

C1 6.65 ± 0.12 f 12.91 ± 0.15 c 2.06 ± 0.07 d

C2 8.05 ± 0.07 a 15.14 ± 0.21 a 2.25 ± 0.04 a

Data show the average values ± standard deviations, Duncan’s test with one-way analysis of variance were used,
and lowercase letters show significant differences at the 5% (p < 0.05) level.

3.2. Effects of EBR and TFA on the Emergence Seedling Ratio and Inverted Seedling Ratio of
P. ternata

The inverted seedling is a physiological phenomenon of P. ternata; when the en-
vironmental conditions, such as allelochemicals, temperature, etc., change greatly, its
aboveground stems and leaves will gradually wither [16]. Figure 1 displays the effect of
EBR and TFA on the emergence seedling ratio and inverted seedling ratio of P. ternata.
C1 significantly (p < 0.05) decreased the emergence seedling ratio of CC P. ternata and
increased its inverted seedling ratio compared with C2. Compared with C1, EBR1-TFA1
significantly (p < 0.05) promoted the emergence seedling ratio of CC P. ternata; EBR1-TFA1,
EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 effectively enhanced its emergence seedling
ratio. Furthermore, the inverted seedling ratio of CC P. ternata treated with EBR1-TFA1,
EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 was dramatically (p < 0.05) less than that treated
with C1, and that treated with EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 was dramatically
(p < 0.05) higher than that treated with C2. The results show that seeds soaked with EBR
or seeds coated with TFA could effectively promote the emergence of seedlings of CC P.
ternate, decrease the inverted seedling ratio of CC P. ternata, and reliably alleviate the CC
stress of P. ternata, and their co-application was found to be more effective.

3.3. Effects of EBR and TFA on the Electrical Signals, Intracellular Water Metabolism, Nutrient
Transport, and Plant Metabolic Activity of P. ternata

Plant electrical signals are the fastest physiological response to environmental stimula-
tions or stresses. The effects of EBR and TFA on the IC, IR, IZ, IXL, and IXc of P. ternata are
shown in Table 3. C1 significantly (p < 0.05) decreased the IC of CC P. ternata and increased
its IR, IZ, IXL, and IXc compared with C2. Compared with C1, EBR1-TFA1, EBR1-TFA2,
EBR1, EBR2, TFA1, and TFA2 significantly (p < 0.05) enhanced the IC of CC P. ternata and
significantly (p < 0.05) decreased its IZ and IXL, and EBR1-TFA1, EBR1-TFA2, EBR1, EBR2,
and TFA1 could also significantly (p < 0.05) decrease its IR and IXc. Moreover, the IC of
CC P. ternata treated with EBR1-TFA1 was significantly (p < 0.05) higher than that of the
EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 groups, and the IR of CC P. ternata treated with
EBR1-TFA1 was slightly lower than those treated with EBR1-TFA2, EBR1, and EBR2 and
significantly (p < 0.05) lower than those treated with TFA1 and TFA2; the IZ, IXL, and
IXc of CC P. ternata treated with EBR1-TFA1 were slightly lower than those treated with
EBR1-TFA2 and EBR1 and significantly (p < 0.05) lower than those treated with EBR2, TFA1,
and TFA2. These results show that the co-application of seeds soaked with EBR and seeds
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coated with TFA could more effectively promote the IC of CC P. ternata and decrease its IR,
IZ, IXL, and IXc than their applications alone, so as to more effectively promote its growth.
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Figure 1. The effects of EBR and TFA on the emergence seedling ratio (A) and inverted seedling ratio
(B) of P. ternata. The error bars show the standard deviations of three replicates, Duncan’s test with
one-way analysis of variance were used, and lowercase letters show significant differences at the 5%
(p < 0.05) level.

Table 3. The effects of EBR and TFA on the IC, IR, IZ, IXL, and IXc of P. ternata.

Treatment IC (pF) IR (MΩ) IZ (MΩ) IXL (MΩ) IXc (MΩ)

EBR1-TFA1 178.89 ± 3.56 b 2.14 ± 0.30 cd 0.30 ± 0.02 ef 0.30 ± 0.03 f 2.31 ± 0.32 d

EBR1-TFA2 160.07 ± 5.51 c 1.69 ± 0.51 de 0.33 ± 0.04 ef 0.33 ± 0.01 ef 1.87 ± 0.32 de

EBR1 147.40 ± 4.98 d 2.28 ± 0.42 cd 0.34 ± 0.03 de 0.36 ± 0.01 de 2.49 ± 0.46 cd

EBR2 132.13 ± 2.16 e 3.03 ± 0.22 bc 0.40 ± 0.02 cd 0.40 ± 0.01 d 3.24 ± 0.30 bc

TFA1 109.70 ± 4.99 f 3.56 ± 0.48 b 0.46 ± 0.04 c 0.49 ± 0.02 c 3.58 ± 0.30 b

TFA2 89.41 ± 1.18 g 5.09 ± 0.17 a 0.58 ± 0.02 b 0.59 ± 0.01 b 5.40 ± 0.20 a

C1 79.45 ± 7.15 h 5.76 ± 1.01 a 0.70 ± 0.06 a 0.67 ± 0.06 a 5.98 ± 0.85 a

C2 217.05 ± 1.58 a 1.01 ± 0.46 e 0.26 ± 0.06 f 0.24 ± 0.01 g 1.17 ± 0.46 e

Data show the average values ± standard deviations, Duncan’s test with one-way analysis of variance were used,
and lowercase letters show significant differences at the 5% (p < 0.05) level.

The effects of EBR and TFA on the IWHC, IWHT, WTR or NTR, UNF, NTC, UAC,
MF, MR, and MA of P. ternata are shown in Figure 2. Compared with C2, C1 significantly
(p < 0.05) decreased the IWHC, NTC, UAC, MF, MR, and MA of CC P. ternata. For the
intracellular water metabolism of CC P. ternata, EBR1-TFA1, EBR1-TFA2, EBR1, EBR2,
TFA1, and TFA2 significantly (p < 0.05) enhanced the IWHC of CC P. ternata compared
with C2 and significantly (p < 0.05) decreased its WTR or NTR. Moreover, the IWHC of
CC P. ternata treated with EBR1-TFA1 was significantly (p < 0.05) higher than that treated
with EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2, and its WTR or NTR after treatment with
EBR1-TFA1 was significantly (p < 0.05) higher than that of plants treated with EBR1, EBR2,
TFA1, and TFA2. For the nutrient transport status of CC P. ternata, EBR1-TFA1, EBR1-TFA2,
EBR1, EBR2, and TFA1 significantly (p < 0.05) enhanced the NTC and NAC of CC P. ternata
compared with C2, and its NTC after treatment with EBR1-TFA1 was significantly (p < 0.05)
higher than that of the EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 groups; its UAC after
treatment with EBR1-TFA1 or EBR1-TFA2 was significantly (p < 0.05) higher than that
of the EBR2, TFA1, and TFA2 groups. For the metabolic activity of CC P. ternata plants,
EBR1-TFA1, EBR1-TFA2, and EBR1 significantly (p < 0.05) enhanced the MF of CC P. ternata
compared with C2, and EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, and TFA1 also significantly
(p < 0.05) promoted its MR and MA. Meanwhile, its MF, MR, and MA after treatment with
EBR1-TFA1 or EBR1-TFA2 were significantly (p < 0.05) higher than those of the EBR2, TFA1,
and TFA2 groups and slightly than that of the EBR1 group. The results demonstrate that
seeds soaked with EBR or seeds coated with TFA effectively enhanced the intracellular



Horticulturae 2024, 10, 696 10 of 18

water metabolism, nutrient transport, and plant metabolic activity of CC P. ternata and
improved its healthy growth, and their co-application had a more effective function.
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Figure 2. The effects of EBR and TFA on the IWHC (A), IWHT (B), WTR or NTR (C), UNF (D),
NTC (E), UAC (F), MF (G), MR (H), and MA (I) of P. ternata. The error bars show the standard
deviations of three replicates, Duncan’s test with one-way analysis of variance were used, and
lowercase letters show significant differences at the 5% (p < 0.05) level.

3.4. Effects of EBR and TFA on P. ternata Photosynthesis

Figure 3 shows the effects of EBR and TFA on the chlorophyll, Pn, Ci, Tr, and Gs
contents and WUE of P. ternata leaves. C1 dramatically (p < 0.05) decreased the chlorophyll,
Pn, Ci, Tr, and Gs contents and WUE of P. ternata leaves compared with C2. Compared with
C1, EBR1-TFA1, EBR1-TFA2, and TFA1 dramatically (p < 0.05) improved the chlorophyll
content in CC P. ternata, and EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2
significantly (p < 0.05) strengthened its Pn, Ci, Tr, and Gs contents and WUE. Meanwhile,
the chlorophyll, Pn, Ci, Tr, and Gs contents and WUE of CC P. ternata treated with EBR1-
TFA1 were slightly lower than those treated with C2, and its chlorophyll, Ci, and Tr contents
when treated with EBR1-TFA2 were dramatically (p < 0.05) lower than those treated with C2;
in addition, its chlorophyll, Pn, Ci, Tr, and Gs contents when treated with EBR1, EBR2, TFA1,
and TFA2 were significantly (p < 0.05) lower than those of the C2 group. Correspondingly,
these effects on enhancing the chlorophyll, Pn, Ci, Tr, and Gs contents in CC P. ternata were
also ranked as follows: EBR1-TFA1 > EBR1-TFA2 > TFA1 > TFA2 > EBR1 > EBR2. The
findings presented here demonstrate that seeds soaked with EBR or seeds coated with TFA
effectively enhanced the chlorophyll, Pn, Ci, Tr, and Gs contents and WUE of CC P. ternata
and evidently promoted its healthy growth, and their co-application could more reliably
ameliorate its photosynthesis.



Horticulturae 2024, 10, 696 11 of 18

Horticulturae 2024, 10, x FOR PEER REVIEW  11  of  18 
 

 

3.4. Effects of EBR and TFA on P. ternata Photosynthesis 

Figure 3 shows  the effects of EBR and TFA on  the chlorophyll, Pn, Ci, Tr, and Gs 

contents and WUE of P. ternata leaves. C1 dramatically (p < 0.05) decreased the chloro-

phyll, Pn, Ci, Tr, and Gs contents and WUE of P. ternata leaves compared with C2. Com-

pared with C1, EBR1-TFA1, EBR1-TFA2, and TFA1 dramatically (p < 0.05) improved the 

chlorophyll content in CC P. ternata, and EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and 

TFA2 significantly (p < 0.05) strengthened its Pn, Ci, Tr, and Gs contents and WUE. Mean-

while, the chlorophyll, Pn, Ci, Tr, and Gs contents and WUE of CC P. ternata treated with 

EBR1-TFA1 were slightly lower than those treated with C2, and its chlorophyll, Ci, and Tr 

contents when  treated with EBR1-TFA2 were dramatically  (p  < 0.05)  lower  than  those 

treated with C2; in addition, its chlorophyll, Pn, Ci, Tr, and Gs contents when treated with 

EBR1, EBR2, TFA1, and TFA2 were  significantly  (p < 0.05)  lower  than  those of  the C2 

group. Correspondingly,  these effects on enhancing the chlorophyll, Pn, Ci, Tr, and Gs 

contents in CC P. ternata were also ranked as follows: EBR1-TFA1 > EBR1-TFA2 > TFA1 > 

TFA2 > EBR1 > EBR2. The findings presented here demonstrate that seeds soaked with 

EBR or seeds coated with TFA effectively enhanced  the chlorophyll, Pn, Ci, Tr, and Gs 

contents and WUE of CC P. ternata and evidently promoted its healthy growth, and their 

co-application could more reliably ameliorate its photosynthesis. 

 
Figure 3. The effects of EBR and TFA on the chlorophyll (A), Pn (B), Ci (C), Tr (D), Gs (E), and WUE 

(F) of P. ternata. The error bars show the standard deviations of three replicates, Duncan’s test with 

one-way analysis of variance were used, and lowercase letters show significant differences at the 5% 

(p < 0.05) level. 

3.5. Effects of EBR and TFA on P. ternata Resistance   

The effects of EBR and TFA on the MDA, H2O2, Pro, soluble sugar, and soluble pro-

tein contents, and the rate of O2·−1 production in P. ternata are displayed in Figure 4. C1 

significantly (p < 0.05) increased the MDA, H2O2, Pro, and soluble sugar contents and the 

rate of O2·−1 production in P. ternata compared to C2 and reduced its soluble protein con-

tent. EBR1-TFA1 significantly (p < 0.05) decreased the MDA, H2O2, Pro, and soluble sugar 

contents and the rate of O2·−1 production in P. ternata compared to C1 and increased its 

soluble protein content. Compared  to C1, EBR1-TFA2 also caused significant  (p < 0.05) 

decreases in the MDA, H2O2, and Pro contents and the rate of O2·−1 production in P. ternata. 

The H2O2 and Pro contents in P. ternata treated with EBR1, EBR2, TFA1, and TFA2 were 

also significantly (p < 0.05) less than those treated with C1. These results reveal that the 

20

25

30

35

40

45

50

55

Treatments

A
a

cd c cdcd
ba

d

 

 
C

h
lo

ro
ph

yl
l (

SP
A

D
 v

al
ue

)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

4

6

8

10

12

14

16

18

Treatments

B

a

b

b
bb

aa

c

 

 

P
n 

(μ
m

ol
 C

O
2 m

-2
 s

-1
)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

120

160

200

240

280

Treatments

C

a

d

c

dd

b

a

e

 

 

C
i (
μm

ol
 C

O
2 m

-2
 s

-1
)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

1

2

3

4

5

Treatments

D
a

d
bc cdcdb

a

e
 

 

T
r 

(m
m

ol
 H

2O
 m

-2
 s

-1
)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

0.0

0.1

0.2

0.3

0.4

0.5

Treatments

E

ab

d

bc
cdd

aba

e  

 

G
s 

(m
m

ol
 H

2O
 m

-2
 s

-1
)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

1

2

3

4

Treatments

F

ab
b

b abab
ab a

c

 

 

W
U

E
 (

u
m

ol
 m

m
ol

-1
)

 EBR1-TFA1    EBR1-TFA2    EBR1
 EBR2  TFA1  TFA2  C1  C2

Figure 3. The effects of EBR and TFA on the chlorophyll (A), Pn (B), Ci (C), Tr (D), Gs (E), and
WUE (F) of P. ternata. The error bars show the standard deviations of three replicates, Duncan’s test
with one-way analysis of variance were used, and lowercase letters show significant differences at
the 5% (p < 0.05) level.

3.5. Effects of EBR and TFA on P. ternata Resistance

The effects of EBR and TFA on the MDA, H2O2, Pro, soluble sugar, and soluble protein
contents, and the rate of O2·−1 production in P. ternata are displayed in Figure 4. C1
significantly (p < 0.05) increased the MDA, H2O2, Pro, and soluble sugar contents and
the rate of O2·−1 production in P. ternata compared to C2 and reduced its soluble protein
content. EBR1-TFA1 significantly (p < 0.05) decreased the MDA, H2O2, Pro, and soluble
sugar contents and the rate of O2·−1 production in P. ternata compared to C1 and increased
its soluble protein content. Compared to C1, EBR1-TFA2 also caused significant (p < 0.05)
decreases in the MDA, H2O2, and Pro contents and the rate of O2·−1 production in P. ternata.
The H2O2 and Pro contents in P. ternata treated with EBR1, EBR2, TFA1, and TFA2 were
also significantly (p < 0.05) less than those treated with C1. These results reveal that the
co-application of seeds soaked with EBR and seeds coated with TFA could more effectively
decrease the MDA, H2O2, Pro, and soluble sugar contents and the rate of O2·−1 production
in P. ternata and increase its soluble protein content than their applications alone and then
effectively ameliorate the stress resistance of CC P. ternata.

The effects of EBR and TFA on the SOD, POD, CAT, and PAL activities in P. ternata
are displayed in Figure 4. C1 significantly (p < 0.05) reduced the SOD, POD, CAT, and
PAL activities in P. ternata compared to C2. Compared with C1, EBR1-TFA1, EBR1-TFA2,
EBR1, EBR2, TFA1, and TFA2 dramatically (p < 0.05) improved the SOD, POD, and PAL
activities in CC P. ternata, and EBR1-TFA1 significantly (p < 0.05) enhanced its CAT activity.
In addition, the SOD, POD, and PAL activities in CC P. ternata treated with EBR1, EBR2,
TFA1, and TFA2 were significantly (p < 0.05) less than those treated with C2, and the SOD,
POD, CAT, and PAL activities in CC P. ternata treated with EBR1-TFA1 and EBR1-TFA2
were slightly lower than those treated with C2. These results reveal that the co-application
of seeds soaked with EBR and seeds coated with TFA could more effectively improve the
SOD, POD, CAT, and PAL activities of CC P. ternata, further enhancing its stress resistance.
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Figure 4. The effects of EBR and TFA on the MDA (A), H2O2 (B), Pro (D), and soluble sugar (E)
contents, the rate of O2·−1 production (C), and SOD (F), POD (G), CAT (H), and PAL (I) activities
in P. ternata. The error bars show the standard deviations of three replicates, Duncan’s test with
one-way analysis of variance were used, and lowercase letters show significant differences at the 5%
(p < 0.05) level.

3.6. Effects of EBR and TFA on P. ternata Quality

The effects of EBR and TFA on the water, extractum, ash, and soluble sugar contents
of P. ternata bulbs are shown in Figure 5. C1 dramatically (p < 0.05) decreased the water,
extractum, ash, and soluble sugar contents of CC P. ternata bulbs compared to C2. Compared
with C1, EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 dramatically (p < 0.05)
enhanced the water, extractum, ash, and soluble sugar contents of CC P. ternata bulbs.
Additionally, the water, extractum, ash, and soluble sugar contents in CC P. ternata bulbs
treated with EBR1, EBR2, TFA1, and TFA2 were evidently lower than those of bulbs treated
with EBR1-TFA1, EBR1-TFA2, and C2, and those treated with EBR1-TFA1, EBR1-TFA2, and
C2 showed no significant differences. These results show that the co-application of seeds
soaked with EBR and seeds coated with TFA markedly increased the water, extractum, ash,
and soluble sugar contents of CC P. ternata bulbs.

The effects of EBR and TFA on the soluble protein, butanedioic acid, alkaloid, and
guanosine contents in P. ternata bulbs are displayed in Figure 5. Compared to C2, C1
also significantly (p < 0.05) decreased the soluble protein, butanedioic acid, alkaloid, and
guanosine contents in CC P. ternata bulbs. Compared with C1, EBR1-TFA1, EBR1-TFA2,
EBR1, EBR2, TFA1, and TFA2 dramatically (p < 0.05) increased the soluble protein and
alkaloid contents of CC P. ternata bulbs, and EBR1-TFA1, EBR1-TFA2, EBR1, TFA1, and
TFA2 significantly (p < 0.05) increased its butanedioic acid content; EBR1-TFA1 and EBR1-
TFA2 significantly (p < 0.05) improved its guanosine content. Furthermore, the soluble
protein content of CC P. ternata bulbs treated with EBR1, EBR2, TFA1, and TFA2 was
significantly (p < 0.05) less than that of the C2 group, and the butanedioic acid, alkaloid,
and guanosine contents of CC P. ternata bulbs treated with EBR1-TFA1, EBR1-TFA2, EBR1,
EBR2, TFA1, and TFA2 were significantly (p < 0.05) lower than that of the C2 group. These
results indicate that the co-application of seeds soaked with EBR and seeds coated with
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TFA effectively improved the soluble protein, butanedioic acid, alkaloid, and guanosine
contents of CC P. ternata bulbs. Overall, the co-application of seeds soaked with EBR and
seeds coated with TFA effectively ameliorated the medicinal quality of CC P. ternata.
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Figure 5. The effects of EBR and TFA on the water (A), extractum (B), ash (C), soluble sugar (D),
soluble protein (E), butanedioic acid (F), alkaloid (G), and guanosine (H) contents in P. ternata. The
error bars show the standard deviations of three replicates, Duncan’s test with one-way analysis of
variance were used, and lowercase letters show significant differences at the 5% (p < 0.05) level.

3.7. Effects of EBR and TFA on P. ternata Yield

The effects of EBR and TFA on the medicinal material weight, seed weight, and
total yield of P. ternata are displayed in Table 4. Compared with C2, C1 also significantly
(p < 0.05) reduced the medicinal material weight, seed weight, and total yield of P. ternata.
Compared to C1, EBR1-TFA1, EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 significantly
(p < 0.05) enhanced the medicinal material weight, seed weight, and total yield of CC
P. ternata, and they were also ranked as follows: EBR1-TFA1 > EBR1-TFA2 > TFA1 > TFA2 >
EBR1 > EBR2. Furthermore, the medicinal material weight, seed weight, and total yield of
CC P. ternata treated with EBR1-TFA1 were slightly lower than those of the C2 group, and
those treated with EBR1-TFA2, EBR1, EBR2, TFA1, and TFA2 were significantly (p < 0.05)
lower than those treated with C2. The results indicate that the co-application of seeds
soaked with EBR and seeds coated with TFA could satisfactorily alleviate P. ternata cropping
obstacles and increase its yield.

Table 4. The effects of EBR and TFA on the medicinal material weight, seed weight, and total yield of
P. ternata.

Treatment Medicinal Material Weight
(kg per 667 m2)

Seed Weight
(kg per 667 m2)

Total Yield
(kg per 667 m2)

EBR1-TFA1 52.16 ± 3.72 a 244.87 ± 10.37 a 192.71 ± 12.10 a

EBR1-TFA2 48.86 ± 3.41 b 216.36 ± 12.94 b 167.50 ± 10.98 b

EBR1 43.82 ± 6.12 b 200.18 ± 17.61 bc 156.36 ± 13.41 b

EBR2 41.65 ± 2.65 b 193.65 ± 10.37 c 152.00 ± 9.20 b

TFA1 47.53 ± 1.65 b 211.27 ± 5.94 bc 163.74 ± 7.05 b

TFA2 44.68 ± 4.35 b 202.56 ± 1.96 bc 157.88 ± 3.74 b

C1 28.17 ± 3.47 c 125.26 ± 10.10 d 97.09 ± 9.61 c

C2 54.65 ± 1.55 a 247.42 ± 4.30 a 192.77 ± 5.85 a

Data show the average values ± standard deviations, Duncan’s test with one-way analysis of variance were used,
and lowercase letters show significant differences at the 5% (p < 0.05) level.
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4. Discussion

CC seriously limits P. ternata growth and frequently results in economic losses of
40%~60% [9,10]. Xiao [12] reported that CC of P. ternata for 2 years resulted in a worse
obstacle/problem compared with CC for 1, 3, 4, and 5 years. The results show that
P. ternata with CC for 2 years was in a stress state of CC; its growth, photosynthesis,
quality, and yield were seriously inhibited compared with non-CC P. ternata. As a plant
growth promoter, EBR has many beneficial functions in plants, including cell division,
cell elongation, seed germination, root development, flowering, senescence, and stress
responses [16–20]. Thiamethoxam·flutolanil·azoxystrobin was registered as a seed coating
agent that can protect seeds from various pathogens and pests in soils. In this study, seeds
soaked with EBR or seeds coated with TFA could effectively enhance the plant height, leaf
area, and stem diameter of CC P. ternata, promote its emergence seedling ratio, and decrease
its inverted seedling ratio, and their co-application was found to be more efficient. These
excellent results may be attributed to the synergistic effects between the growth-enhancing
roles of EBR and the prevention and control roles of TFA.

After the CC of P. ternata in the same land, its medicinal quality deteriorated and
bulb yield is constantly decreased [9,10], while good growth and development determine
its high quality and yield. Brassinolide is recognized as the sixth-largest plant hormone
after auxin, abscisic acid, cytokinin, gibberellin, and salicylic acid and plays important
roles in improving the chlorophyll content, promoting photosynthesis, enhancing seed
development, root growth, blooming, and maturation, as well as ameliorating quality
and increasing yield [39–41]. In this study, under the stress of CC, the co-application of
seeds soaked with EBR and seeds coated with TFA could not only promote the growth,
photosynthesis, and resistance of P. ternata but also significantly enhance its medicinal
quality (i.e., water, extractum, ash, soluble sugar, soluble protein, butanedioic acid, alkaloid,
and guanosine contents) and bulb yield (i.e., medicinal material weight, seed weight, and
total yield). This is closely related to the growth-enhancing roles of EBR in P. ternata and
the preventative and control roles of TFA against diseases and pests.

Plants electrophysiological activities almost run through all life processes, and are
considered as the fastest physiological response to environmental stimulations [42–44].
Generally, a mesophyll cell is equivalent to a concentric sphere capacitor with both an
inductor and resistor function, and its ions, ion groups, and electric dipoles are capacitor
electrolytes [32–34,45,46]. An abiotic or biotic stress, including CC, drought, diseases and
insect pests, can directly or indirectly evoke structural, composition and ion permeability
changes in plant cells, causing dramatic changes in a plant’s electrophysiological activi-
ties [32–34,42–44]. Previously, C, R, Z, Xc, and XL were the most common electrical signals
used to evaluate various plants’ physiological statuses. For example, Zhang et al. [47]
firstly defined leaf tensity based on leaf C to represent plant drought resistance, Xing
et al. [48] reported that Z provides more reliable plant water information and defined water
dissipation rates based on Z, and our previous report found that IXc and IXL could be
used to manifest the relatively composition characteristic of cell membrane proteins [34].
Moreover, the intracellular water metabolism, nutrient transport, and plant metabolic
activity parameters based on the plant’s electrophysiological information in our previous
studies could accurately, reliably, and rapidly manifest its physiological processes [32–34].
In this study, seeds soaked with EBR or seeds coated with TFA effectively enhanced the IC,
intracellular water metabolism, nutrient transport, and plant metabolic activity of CC P.
ternata and decrease its IR, IZ, IXL, and IXc, and their co-application had a more effective
function. These results commendably characterized the physiological activities of CC P.
ternata, supported the research conclusions of the above agronomic trait, and expanded the
application of a plant’s electrophysiological information in plant stress biology.

EBR plays a crucial role in stress responses, including drought, salinity, heavy metals,
and extreme temperature [49]. For example, Kolomeichuk et al. [22] found that EBR could
enhance the photosynthetic pigments, electron transport, and photosystem II maximum
of Solanum tuberosum L. under salt stress. Junior et al. [50] reported that EBR increased
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the Pn, Tr, and Gs contents of Eucalyptus urophylla for involvement in the drought stress
response. Moreover, many studies have shown that the occurrence and development of
CC obstacles in P. ternata are directly or indirectly driven by rhizosphere allelochemicals
such as phenolic acids, quinones, ketones, and phenols [9,14,51]. In this work, under CC
stress (or allelochemical stress), seeds soaked with EBR or seeds coated with TFA effectively
enhanced the chlorophyll, Pn, Ci, Tr, and Gs contents and WUE of CC P. ternate, and their
co-application could more reliably ameliorate its photosynthesis. These results are similar
to the above research conclusions and expand the application of EBR and TFA.

Soluble sugar and Pro participate in regulating the osmotic potential of plants under
stress, and MDA can directly reflect the peroxidation level of the cell plasma membrane [52].
The harm caused by reactive oxygen species can be alleviated by SOD and CAT, and H2O2
in lignin biosynthesis can be catalytically decomposed by POD; in addition, PAL plays an
important role in the metabolism of secondary substances (such as lignin) in plants [52].
These indicators are closely related to the stress resistance of plants. Rattan et al. [53] showed
that EBR reduced the MDA content of Zea mays L. seedlings and significantly increased their
Pro content to overcome oxidative damage under salt stress. Soares et al. [17] found that
EBL could increase the activities of SOD, CAT, POD, PAL, and other antioxidant enzymes
in Brassica juncea to overcome the toxic effects of lead. In this work, under CC stress, the
co-application of seeds soaked with EBR and seeds coated with TFA could more effectively
decrease the MDA, H2O2, Pro, and soluble sugar contents and the rate of O2·−1 production
in CC P. ternata than their applications alone and enhance its SOD, POD, CAT, and PAL
activities. These results demonstrate that the co-application of seeds soaked with EBR and
seeds coated with TFA could reliably ameliorate the stress resistance of CC P. ternata.

The application dosages of EBR and TFA used in this study were both recommended by
the Chinese Ministry of Agriculture; in addition, the safe interval of 173 days for medicinal
materials was also quite long. In this way, the number of safety issues regarding medicinal
materials caused by EBR or TFA was extremely low or non-existent. Overall, this work
emphasizes that seeds soaked with 0.004% EBR AS in a 1000-times dilution liquid + seeds
coated with 24% TFA FC at 1.6 mL kg−1 is a practicable formula for alleviating the CC stress
of P. ternata and ameliorating its growth, photosynthesis, resistance, quality, and yield.

5. Conclusions

In summary, seeds soaked with EBR or seeds coated with TFA could effectively
enhance the plant growth of CC P. ternata, promote its emergence seedling ratio, and
decrease its inverted seedling ratio, and the effects of their combined application were
more efficient. Additionally, their co-application effectively enhanced the IC, intracellular
water metabolism, nutrient transport, and plant metabolic activity of CC P. ternata and
decreased its IR, IZ, IXL, and IXc. Meanwhile, their co-application could reliably ameliorate
the photosynthesis and resistance of CC P. ternata. Furthermore, their co-application
could also effectively enhance CC P. ternata’s medicinal quality and bulb yield. This study
highlights that the co-application of seeds soaked with EBR and seeds coated with TFA can
be recommended as a novel and practicable measure in the efficacious alleviation of CC
stress in P. ternata.
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